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Shirley Plantation Sediment Coring Study
Final Report – VIMS: S. Kuehl, C. Hobbs
Introduction
The old wharf on the James River at Shirley Plantation is a site of historical and archaeological interest.
According to sources at Shirley Plantation, there are numerous studies of colonial-age wharves associated
with towns, but there are none of wharves that were constructed primarily to serve an individual
plantation. The wharf at Shirley Plantation is such a structure. Shirley Plantation is working with marine
archaeologists from East Carolina University to assess the archaeology of the pier. In order to enhance
the understanding of the wharf, it would be beneficial both to better visualize the condition of the river
bottom in the vicinity of the wharf and to investigate the sediments and near-surface stratigraphy.

This report describes the results of a sediment coring study off the Shirley wharf which recovered four
new vibracore samples. Descriptions of three additional cores, previously collected by East Carolina
University, are also provided.

Objectives
This pilot study was conducted to determine the characteristics of the shallow stratigraphy and sediments
in the immediate vicinity of the historic wharf at Shirley Plantation on the James River.
The specific technical objectives of this study are as follows:
1: To determine if there is a measurable change in sediment characteristics pre- and post-wharf
construction.
2: To estimate the amount of siltation which has occurred since the wharves were built.
3: To determine the feasibility of coring and/or geotechnical measurements in reconstructing the original
seabed bathymetry prior to wharf construction.
4: To determine if changes in sediment character are sufficient to enable a remote sensing approach (i.e.,
high-resolution seismic) in order to map the old seabed surface.
5: To recover any artifacts contained in the cores to help develop a sediment chronology.

Core Sample Collection
The Virginia Institute of Marine Science collected four cores in the James River off Shirley Plantation
(Figure 1). The cores were recovered using a vibra-coring system deployed from a trailerable boat
launched from Hopewell. The first two of the cores (Shore and Midpoint) were taken February 2, 2011.
Technical problems with the engine running the vibra-coring system required a return trip to collect the
remaining cores. The latter two cores (Deep and Dock) were collected April 6, 2011.
Cores were cut into lengths between 100-140 cm and were analyzed for density using a Geotek multisensor core logger. The sediment cores were then split and described for color, texture, and sedimentary
structure. In addition, cores were imaged using digital x-radiography in order to obtain a measure of
density variations and to identify and remove any suspected artifacts (i.e., pottery shards). Subsamples
were also taken for water content measurements. In addition to these cores, three additional cores were
provided to the Institute by Shirley Plantation associates. These cores were split, x-rays and described.

Figure 1: Google Earth map from April 29, 2007 showing locations of cores relative to the Shirley Wharf.
Cores 1, 2 and 4 were collected by ECU. Deep, Midpoint, Doc and Shore cores were collected using the
VIMS vibracoring system.

Laboratory Procedures
Density Calculations
Density was measured using a core logger (Geotek MSCL-S) on whole cores sections. A narrow beam of
collimated gamma rays is emitted from a Caesium-137 source. These photons pass through the core and
are detected on the other side. The incident photons are scattered by the electrons in the core with a
partial energy loss. By measuring the number of transmitted gamma photons that pass through the core
un-attenuated, the density of the core material can be determined. Data are calibrated with an identical
empty tube and a standard of known density.

Core Splitting
The core were cut into short sections (less than 40 cm) and split lengthwise so they could be processed on
the digital x-ray unit. For splitting, the metal tube core was cut along each side using a table saw. A wire
was then run through the section and it was split open. After being opened, each side was scraped to get
a fresh surface and photographed.

Digital X-radiography
X-rays were taken of the split core using a Varian Digital X-ray plate. Each set of halves was placed on the
receptor plate and X-rays were taken at exposure rates between 14 milliseconds and 26 milliseconds in
order to get the best possible image.

Descriptions
Cores were described by lab staff using basic logging procedures and Munsell color definitions.

Water Content Measurements
Samples for water content were removed every 10-20 centimeters throughout each core. These samples
were taken using a syringe or a spatula and placed into pre-weighed vials. The vials were then weighed
and dried to completion in an oven at approximately 45°C. Samples were then weighed again and weight
percent of moisture (relative to total mass) was calculated.

Results and Discussion
Sample locations are shown in Appendix I and detailed results of the core analyses as outlined above are
shown as graphical logs for the VIMS and ECU cores and Appendix II and III, respectively. Generally, all of
the cores contained high mud content (Silt+Clay), with some mixed sand and organic material in sections.
From visual and x-radiographic characterization, all seven cores were highly bioturbated in the top
sections, with decreasing bioturbation and increasing stratification down core (Figure 2). The two longest
cores (Dock and Deep) penetrated a marked transition near 3 m subbottom depth, where significant
changes in density structure and composition were observed (Figure 3). An erosional (scour) surface was
also evident at this depth. In these two cores, density increases at the transition, and varies below, as
seen in the gamma density profile. Layers enriched in organic matter are common beneath the transition,
and relatively rare below.

Figure 2: Generalized sedimentary facies for all cores based on descriptions and xradiographic interpretation. All of the cores transition from bioturbated at the surface, to
laminated below. In addition, a major transition is seen near the bottom of the two
longest cores, Dock and Deep. Beneath a erosional intervace, sediment facies becomes
highly layered, with thick organic-rich lenses.
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Figure 3: Density, water content and facies profiles for Dock (L) and Deep (R) cores showing three major transitions. Dense, highly
layered organic-rich sediment at the base of the cores may represent pre-colonial conditions. Laminated sediments above this reflect a
dramatic change, with overall very high sediment accumulation rate, possibly related to colonial (or later) era land use practices.
Bioturbated sediments at the surface may reflect a reduction of sediment accumulation rate which leads to the preservation of biological
structures.

Significantly, artifacts were recovered in three of the four VIMS cores, which provide some temporal
constraints on the recovered sediments: 1) ceramic (mortar?) at 153 cm in the Shore core (Figure 4); 2)
a colonial era nail at 309 cm in the Dock core(Figure 5), and; 3) a clinker (coal or charcoal? (Figure 6) at
221 cm in the Midpoint c ore. Further information regarding the nail was provided by Jonathan
Connolly of the National Park Service, Colonial Historical National Park. The artifact appears to be a
hand forged, wrought iron, rose head nail. This particular one appears to be very well made and has a
decoration or perhaps a maker’s mark on the head that means it could potentially have been imported
for fine furniture or cabinetry where something of higher quality than what was locally produced would
have been used. It is for certain pre 1820-1830, and based on the way the head was hammered it looks
to be late 17th- early 18th century.

Figure 4: Picture of Mortar

Figure 5: Picture of Nail

Figure 6: Picture of Clinker
Key pieces of information which can be used to address the overall objectives of this project were found
in the two longest cores, the Dock and Deep cores. This is confirmed by the descriptions, x-rays, density
and water content, was well as the artifact we found in the Dock core. The transition from highly
layered, organic rich, dense sediments below about 3 m, to more muddy finely laminated to bioturbated
sediments above. There appears to be an erosional unconformity separating the two sediment types
(facies), and the nail was found at this boundary. A possible interpretation is that this transition reflects
a major change in river siltation caused by early deforestation and agricultural practices. High silt runoff
from human activity likely accelerated the input of fines and drastically increased the sedimentation
rates in the area. Based on the position of the nail, a rough estimate would be about a 1 cm/year
accumulation rate for the upper section, which is quite a bit higher than would be expected under
normal conditions. We can also presume from this that the water depths off the wharf were about 3 m
deeper than today. Independent age control (radiometric dating) would be necessary to confirm these
ideas.

Conclusions Relative to Original Objectives
Original objectives are restated below, together with a brief assessment of our success in addressing
each:
1: To determine if there is a measurable change in sediment characteristics pre- and post-wharf
construction.
Yes, it appears that we were able to penetrate a significant transition at about 3-m sediment-depth in
the Dock and Deep cores. The data collected support the idea that this represents the pre- and postwharf construction.
2: To estimate the amount of siltation which has occurred since the wharves were built.
The nail recovered at 3 m depth in the dock core allows us to estimate that about 3-m of sediment has
accumulated since the wharf was built, roughly equating to a sedimentation rate of 1 cm/y, much higher
than ambient rates.
3: To determine the feasibility of coring and/or geotechnical measurements in reconstructing the
original seabed bathymetry prior to wharf construction.
Yes, we have clearly identified a significant transition in the two long cores that can be identified based
on sedimentological signatures.
4: To determine if changes in sediment character are sufficient to enable a remote sensing approach
(i.e., high-resolution seismic) in order to map the old seabed surface.
Qualified yes, the density and hence probable acoustic impedance contrast below and above 3 m would
likely be amenable to mapping with high-resolution seismic instruments. We are unable to
quantitatively provide values for acoustic impedance because velocity measurements could not be
conducted in aluminum vibracore tubes.
5: To recover any artifacts contained in the cores to help develop a sediment chronology.
Yes, three of the four cores contained artifacts.

Final Comments and Possible Future Directions
The results from this pilot coring study unambiguously provided a proof of concept relative to our
original objectives. The silt deposit in the vicinity of the Shirley wharves is a virtual treasure trove of
information regarding the Colonial and pre-Colonial era. Such a marked sediment transition at 3-m
depth is a legacy of rapidly changing environmental conditions. Additional coring to trace the continuity
of this surface, combined with acoustic mapping and radiometric dating and collection of additional
artifacts is required to positively confirm the age and origin of this surface.

Appendix I
Core GPS Locations

Core
Core 1*
Core 2*
Core 4*
Deep
Dock
Midpoint
Shore

Latitude
37°20'39.07"N
37°20'38.93"N
37°20'37.39"N
37°20'38.76"N
37°20'37.94"N
37°20'37.82"N
37°20'37.31"N

Longitude
77°15'40.53"W
77°15'40.26"W
77°15'41.06"W
77°15'42.70"W
77°15'41.51"W
77°15'42.13"W
77°15'41.33"W

Note: * means the locations were determined based on field notes and not an actual GPS
reading

APPENDIX II
VIMS CORE DATA

APPENDIX III
ECU CORE DATA

